Recent advances in MMIC technology makes it possible to construct transitions from CPWtwmicrostrip with via hole, microstrip-to-slot line and microshield line-to-CPW all of which have potential applications in the feed network of antennas. In this study we investigate the characteristics of the microstrip-to-slot line uniplanar transition using the finite element method (FEM) and finite difference time domain (FDTD) technique, and compared the theoretical results with the measurements. In both cases, the results agree with the measurements within a few percent.
I. Introduction
Many of planar microwave circuit discontinuities have been characterized accurately with full wave integral equation (IE) techniques [ 1, 2] . However, these approaches are limited to simple geometries. Frequency and time domain volume discretization techniques are more appropriate for the treatment of complex geometries involving arbitrary shapes. In this paper, the finite element method and the finite difference time domain technique have been employed for the characterization of the microstrip-to-slotline transition showing in Figure 1 . This type of transition has potential to integrate MMIC based components such as phase shifters and amplifiers in the feed network of linearly tapered slot antenna arrays [3] . Derived theoretical data are compared to measurements. A brief summary of both techniques and explanations of the results will be given below.
Formulations

A. FINITE ELEMENT METHOD
To apply the finite element technique we subdivide the considered space into tetrahedrons which are suitable for an arbitrary geometry. With this tetrahedral element the edge-based vector basis function [4] is employed to represent the local electromagnetic fields. For a given tetrahedron there are 6 edges and accordingly it has 6 unknowns per element. After we represent the field in a tetrahedron as a linear combination of six edge basis function, the energy functional derived from Maxwell's equations using Galerkin's procedure is minimized with respect to FEM matrix is highly sparse and symmetric. This matrix equation is solved by using the preconditioned bi-conjugate gradient method with only non-zero matrix entries. Moreover, since there is a geometrical symmetry we can reduce the size of the problem to half of the original one.
For the electric field formulation with ideal current excitation, the geometrical symmetry can be taken into account by incorporating a perfect magnetic (pmc) or electric (pec) wall depending upon even or odd excitations. If a geometry has longitudinal symmetry on which the tangential magnetic field is zero, we can consider that plane as a pmc wall regardless of excitations. Following the solution of the problem for each one of the excitation, the scattering parameters are evaluated using standard network techniques.
B. FINITE DIFFERENCE TIME DOMAIN TECHNIQUE
In order to characterize any planar discontinuity using the FDTD technique, Maxwell's curl equations are expressed in discretized space and time domains. As an excitation, a Gaussian pulse is used because it varies smoothly in time and its Fourier transform is also a Gaussian function centered at zero frequency. Following the time and space discretizations of the electric and magnetic field components, the FDTD equivalents of Maxwell's equations are then used to update the spatial distributions of these components at alternating half time steps. The space steps, Ax, Ay and Az, are carefully chosen such that integral numbers of them can approximate the various dimensions of the structure. After the pulse has been launched, the ground plane at the front wall is switched into an a.bsorbing boundary. The super-absorbing first-order Mur boundary condition is utilized to terminate the FDTD lattice at the front and back walls in order to simulate infinite lines and the first-order Mur boundary condition at the top and side walls.
In general, the frequency dependent scattering parameters, S,, , can be obtained from the the voltages at ports i and j. To obtain SII(W), the incident and reflected fields must be known.
The incident field is obtained from that of an infinite extent line (i.e., from the source to far absorbing wall). Then, this incident field is subtracted from the total waveform to yield the reflected field. verifies the claim made above. Specifically, there is a clear reduction in the resonant frequency from the shielded case and there is a considerable amount of radiation loss as shown in Figure  4 . Using the above techniques, a parametric study of these transitions will be performed and the efficiencies of the two techniques in terms of computational times and accuracy will be discussed.
Results and Discussion
IV. Conclusion
In this study, the characteristics of the transition of microstrip-to-slot line which can be used as a feeding network of the tapered slot antenna are examined and the theoretical and experimental results are compared. This transition has very narrow bandwidth characteristics inherently. When there is considerable amount of radiation from the circuit, the numerical computations which is performed under shielding condition does not predict exactly the characteristics of the circuit. 
